Background: Circular RNA (circRNA) is a new type of noncoding RNA that can serve as ideal biomarkers. Evidence has showed that circRNAs play an important role in carcinogenesis and cancer development. However, little is known about the diagnostic value of circRNAs in papillary thyroid carcinoma (PTC) as well as their associations with clinicopathologic characteristics of patients with PTC.
Methods:
The expression levels of hsa_circ_0137287 were detected in 120 PTC and 60 adjacent noncancerous thyroid tissues by quantitative real-time polymerase chain reaction. The relationships between the expression of hsa_circ_0137287 in PTC and the clinicopathologic factors were analyzed. Finally, receiver operating characteristic (ROC) curves were generated to assess the diagnostic value of hsa_circ_0137287 as a biomarker for PTC.
Results:
The expression of hsa_circ_0137287 was significantly downregulated in PTC tissues compared with adjacent noncancerous tissues (P < .0001). Downregulation of hsa_circ_0137287 correlated with aggressive clinicopathologic characteristics of PTC such as extrathyroidal extension (P < .001), lymph node metastasis (P = .022), advanced T stage (P < .001) and larger tumor size (P < .001). The ROC curves revealed that hsa_circ_0137287 had a potential diagnostic value in predicting malignancy, extrathyroidal extension and lymph node metastasis. The area under curves were 0.8973 (95% CI = 0.8452-0.9494, P < .0001), 0.6885 (95%CI = 0.5908-0.7862, P = .0009), and 0.6691(95%CI = 0.5641-0.7742, P = .0034), respectively.
Conclusions:
Our findings suggest that hsa_circ_0137287 may serve as a novel biomarker for PTC.
K E Y W O R D S
biomarker, circular RNA, extrathyroidal extension, lymph node metastasis, papillary thyroid carcinoma dissection, as well as high dose of postoperative thyroid hormone therapy or radioactive iodine therapy. Aggressive treatment also results in more complications and poor life quality, let along the high economic burden on patients with PTC. 4 Hsa_circ_0137287 is a 284 bp circRNA that was primarily identified in mammalian brain. 16 The gene of hsa_circ_0137287 is located at chr8:92301363-92307931 + , and its host gene symbol is SLC26A7. 17 In this study, we attempt to investigate the expression of hsa_circ_0137287 and its clinical significance in PTC. The reason why we chose hsa_circ_0137287 as the candidate circRNA of this study is that it was found to be downregulated in PTC tissues in our previous RNA sequencing screening. By expanding the sample size, we found that hsa_circ_0137287 expression levels were associated with aggressive clinicopathologic characteristics of patients with PTC. Therefore, hsa_circ_0137287 might become a novel biomarker for the diagnosis of PTC. 
| MATERIAL S AND ME THODS

| Patient samples
| RNA extraction
Total RNA was extracted from tissue samples using TRIzol reagent (Life Technologies, CA, USA) following the manufacturer's
instructions. The quality of the RNA samples was determined by OD260/280 assessment using a NanoDrop ND-2000 instrument (Thermo Fisher Scientific, MA, USA).
| Quantitative real-time polymerase chain reaction (qRT-PCR)
Qualified RNA was reverse-transcribed to synthesize cDNA using PrimeScript RT Master Mix (Takara, Dalian, China) and then subjected to qRT-PCR analysis with SYBR Premix Ex Taq II (Takara) on a
LightCycler 480 system (Roche). The amplification conditions were 95°C for 5 second, 55°C for 30 second, and 72°C for 30 second with a total of 40 cycles. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was used as the internal control. Divergent primers specific for the back-splicing junction of hsa_circ_0137287 were designed, and melt curves were analyzed to keep the specificity of the PCR products. The primers used for qRT-PCR analysis were as follows:
hsa_circ_0137287 (F 5′-ACAAGCGTGCTGGGCTTATC-3′, R 5′-
GGCCAATCCTGAATCACACCT-3′) and GAPDH (F 5′-GGCCAATCC
TGAATCACACCT-3′, R 5′-GAAGGCTGGGGCTCATTT-3′ relative expression level of hsa_circ_0137287 was calculated using the 2 −ΔΔC t method.
| Statistical analysis
All statistical analyses were performed using GraphPad Prism 6
(GraphPad Software, CA, USA) and SPSS 19.0 (IBM, Chicago, IL, USA).
Data were expressed as mean ± standard deviation (SD). Significant differences were determined by Student's t test and Spearman correlation test. Receiver operating characteristic (ROC) curves were established to evaluate the diagnostic value of hsa_circ_0137287 for PTC. P < .05 was considered statistically significant.
| RE SULTS
| Clinicopathologic characteristics of PTC patients
The medical records of the 120 PTC patients were reviewed. There were 82 females and 38 males, aged from 16 to 66 (median 44). Of the 120 cases of PTC, 39 were with extrathyroidal extension, 84 with lymph node metastases, and only one had distant metastasis. Other clinicopathologic information of the patients is summarized in Table 1 .
| Hsa_circ_0137287 is downregulated in PTC
The expression levels of hsa_circ_0137287 were detected in 120 PTC and 60 adjacent noncancerous thyroid tissues by qRT-PCR. The expression of hsa_circ_0137287 was significantly downregulated in PTC tissues compared with normal tissues (P < .0001, Figure 1 ). The mean fold change was 7.33.
| Downregulation of hsa_circ_0137287 correlates with aggressive clinicopathologic characteristics of PTC
We also analyzed the association between the expression level of hsa_circ_0137287 and clinicopathologic characteristics of patients with PTC. The results (Table 1) showed that hsa_circ_0137287 was significantly associated with extrathyroidal extension (P < .001), T stage (P < .001), lymph node metastasis (P = .022), microcarcinoma (P = .011), and tumor size (P < .001). In particular, there was a negative correlation between the expression of hsa_circ_0137287 and tumor size (r = −.438, P < .001, Figure 2 ). However, there were no significantly associations between the expression of hsa_circ_0137287 and other clinicopathologic parameters, such as gender, age, TNM stage, and multifocality.
| Potential diagnostic value of hsa_circ_0137287 in PTC
We further performed an analysis to explore the diagnostic value of hsa_circ_0137287 as a potential biomarker for PTC. Three ROC curves were built to evaluate whether hsa_circ_0137287 could predict malignancy, extrathyroidal extension, and lymph node metastasis, respectively. As shown in Figure 3 , the area under curve (AUC) was 0.8973 (95%CI = 0.8452-0.9494, P < .0001), suggesting that hsa_circ_0137287 could serve as a diagnostic biomarker for PTC. When using the cutoff value of 0.7032, the Youden index, sensitivity, and specificity were 0.6917, 79.2%, and 90.0%, respectively. Additionally, we also found that hsa_circ_0137287 
F I G U R E 1
The expression of hsa_circ_0137287 in 120 PTC tissues and 60 normal thyroid tissues, **** P < 0.0001
The correlation between the expression of hsa_ circ_0137287 and tumor size (r = −0.438, P < .001) circRNAs were first found to be by-products of mRNA splicing with no functions. 18 They are characterized by the distinct loop structures without 5′ caps and 3′ tails compared to mRNAs. 19 Due to the application of next-generation sequencing and bioinformatics, circRNAs were now discovered to be widely expressed in cells, exceeding the abundance of the linear mRNAs. To date, only one study reported that circRNAs were dysregulated in PTC and hsa_circRNA_100395/miR-141-3p/miR-200a-3p
axis was predicted to be involved in the pathogenesis of PTC through microarray profiling and bioinformatic analysis. 36 Here, we find that hsa_circ_0137287 is significantly downregulated in PTC and is potentially valuable in the diagnosis of PTC with a high value of AUC. However, a number of limitations exist in the current study. First, the present study only detected the expression of hsa_circ_0137287 in tissue samples. It would be of more value if the hsa_circ_0137287 can be detected in the circulation of patients with PTC. Second, it is necessary to explore the further function and mechanism of hsa_ circ_0137287 in PTC through in vitro and in vivo studies. Future studies on hsa_circ_0137287 will eventually improve our understanding of the mechanisms underlying PTC tumorigenesis and progression.
In conclusion, in this study we first find that hsa_circ_0137287
is downregulated in PTC and the expression of hsa_circ_0137287 is correlated with aggressive clinicopathologic characteristics such as extrathyroidal extension, lymph node metastasis, advanced T stage, and larger tumor size. These findings suggest that hsa_circ_0137287 may serve as a potential diagnostic biomarker for PTC. However, the molecular mechanisms of hsa_circ_0137287 that involve in PTC need to be further studied.
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